We have previously shown 
L-arginine and/or total protein content, starting immediately after induction of glomerulonephritis by injection of an antibody reactive to glomerular mesangial cells. Mesangial cell lysis and monocyte/macrophage infiltration did not differ with diet. However, restriction of dietary L-arginine intake, even when total protein intake was normal, resulted in decreased., proteinuria, decreased expression of TGF-J31 mRNA and TGF-I31 protein, and decreased production and deposition of matrix components. L-Arginine, but not Darginine, supplementation to low protein diets reversed these effects. These results implicate arginine as a key component in the beneficial effects of low protein diet.
In humans with progressive renal disease, including primary glomerulonephritis, diabetic glomerulopathy, and chronic renal transplant rejection, reduction of dietary protein intake decreases the rate of loss of renal function (1) (2) (3) . Marked deposition of pathological extracellular matrix is a central feature in the renal diseases that respond to dietary protein restriction (1, 4) . Moreover , it has been suggested that restriction of protein intake may underlie the striking effects of low calorie diets in prolonging life-span (5, 6) .
A large body of work from our laboratory and others has implicated the cytokine transforming growth factor P3 in glomerular matrix expansion through its actions of increasing matrix protein synthesis, increasing the expression of matrix protein receptors (integrins), and decreasing the activities of matrix-degrading proteases (7) (8) (9) (10) (11) (12) (13) (14) . A central paradigm of this work is that pathological tissue fibrosis, whether it occurs in the kidney, liver, lung, nervous system, or skin, starts with tissue wounding (7, 14) . (16) (17) (18) (19) . Immunologically injured glomeruli synthesize NO and production of NO by nephritic glomeruli is one mechanism of glomerular injury (20) (21) (22) . Arginase converts L-Arg to ornithine, an important substrate for biosynthesis of polyamines, which are required for DNA synthesis and cell replication (23) . Ornithine is also metabolized to proline, an amino acid present in high concentration in collagens, which are important constituents of normal and pathological extracellular matrix (24) . Thus Normal Normal had no effect (group 3L) (Fig. 1) . In all groups urinary nitrite excretion rapidly increased on day 1 (Fig. 2A) . In contrast, when dietary L-Arg was restricted, whether protein intake was normal or low, the number of TGF-13-positive cells was normal. Deposition of fibronectin EDA+ and tenascin, extracellular matrix proteins known to be induced by TGF-,3, was increased in diseased glomeruli from animals fed normal L-Arg, but their deposition did not differ from normal if diseased animals were fed diets low in L-Arg (Fig. 2 B and C) . Fig. 3 shows photomicrographs of TGF-f3-positive cells (Fig. 3 A and B) , fibronectin EDA+ staining ( Fig. 3 C and D) , and tenascin staining ( Fig. 3 E and F) in representative glomeruli from rats in diet groups 3N and 3L, respectively.
Proteoglycan Synthesis. Proteoglycan synthesis is a known indicator of TGF-f3 activity in the kidney (9) . Cultured nephritic glomeruli isolated on day 7 of disease from rats fed normal L-Arg showed higher proteoglycan synthesis than glomeruli from rats fed low L-Arg (Fig. 4A) . Laser densitometry readings of the band representing the most abundant proteoglycan, biglycan, show that the differences in proteoglycan expression were 2-to 4-fold higher in the high compared to the low dietary L-Arg groups (Fig. 4B ). For reasons that are unclear, group 2N showed unexpectedly low proteoglycan synthesis (Fig. 4B) .
TGF-P1 mRNA. TGF-,31 mRNA data are presented in Fig.  5 . The normal L-Arg groups, whether L-Arg was given in the food or in the drinking water, showed the previously reported (groups 1N, 2N, and 3N ). Values are mean ± SD. (7, 9, 10, 14) . Indeed, these data are very similar to those obtained when a TGF-j31 neutralizing antiserum was administered to rats after induction of glomerulonephritis (40) . A very important but unknown question at this time is how low dietary L-Arg intake suppresses expression.
An important feature of the current study is that differing L-Arg intake was initiated only after immune-mediated glomerular injury had occurred. Similar degrees of injury in terms of mesangial cell lysis and macrophage infiltration were seen in all groups. Thus, in this study, limiting L-Arg must affect repair processes after cell injury has occurred. However, in another study, tissue injury was shown to be NO dependent in this model, as in many experimental inflammatory disease models (22, (41) (42) (43) (44) (45) . Blocking NO production with NGmonomethyl-L-arginine prior to administration of ATS blocks mesangial cell lysis (22) . Also (7, 14) . The data presented here indicate that this may be the case. We speculate that L-Arg restriction given after injury is antiproliferative by limiting polyamine synthesis and antifibrotic by limiting the proline available for collagen biosynthesis.
Although L-Arg is considered to be a nonessential amino acid, it is not synthesized in the glomerulus and synthesis does not increase in response to L-Arg-free diets (50) . Thus the plasma L-Arg levels that supply the glomerulus largely reflect the rate of tissue utilization and dietary intake. If tissue utilization is increased due to injury and repair processes, dietary restriction may well lead to L-Arg becoming rate limiting for these processes. Indeed, in models of wound healing the local wound environment becomes L-Arg depleted (25) .
Finally, recent studies using four models of renal disease have shown beneficial effects of dietary L-Arg supplementation (51) (52) (53) (54) (55) (56) (57) 
